Physics Abstracts
79.60 -71. 45G -73.60D Electron photoemission from a metal surface illuminated by low energy photons may be analysed by using a theory based upon a description of the metal by its local dielectric function [1, 2, 3] , and the consideration of two distinct origins for the emitted electrons : a part of them come from the volume of the metal (volume effect) and the other part from an infinitely thin layer at the surface (surface effect).
Using these theory, we have tried to calculate the respective contributions of volume and surface effects to the electron emission from aluminium thin films surfaces on which surface plasma waves are excited by p-polarized light through a prism coupler.
For a thin metal film of thickness d, that we consider as perfectly smooth, illuminated with a monochromatic light, the volume photoemission yield can be calculated by the following expression [1, 2] derived from the three-step model :
Co exp( -z/L ) may be interpreted as the probability for a photon absorbed at the distance z below the surface to produce photoemitted electrons. L is the escape depth of the electrons -and 11(z, qJ) the volume (*) ERA 660. density of absorbed energy reported to the incident flux density on the surface -9 is the angle of incidence of the radiation. Expressions giving l1(z, 9) may be found in [1] and [4] .
The factor Co, which is assumed to be independent of the direction of the electric field, does not depend on the polarization of the light. L [5] in order to calculate with a good precision the absorbed energy density ~(z, 9) and the function ~(~). The length L was also obtained from the measurement of the photoemission yields respectively for a front illumination and a back (through the prism) illumination of the film, the radiation being s-polarized [5] .
For a metal film having a perfectly smooth surface illuminated with s-light, the volume photoeffect is the only source of electrons. But the existence of microroughnesses may be the origin of a surface effect as a component of the wave electric field normal to the metal surface is then present.
A proof of the smoothness of the films was found in the good agreement between theoretical and experimental results concerning the variations of the volume effect as a function of the incidence angle [5] . [3] S(cp) = Ko ~(0, cp) (4) exp(~) may be given by the expression
The second factor in the right member corresponds to the volume effect Yp(~p) in p-polarized light, which differs from ~~(~p) as the absorbed energy density depends on the light polarization.
Our experimental arrangement to study volume and surface photoemission has been described elsewhere [6] .
In order to measure a photoelectric emission current throughout the visible domain, the work function of Al is lowered from about 4 eV to 1.5 The surface effect is more important than the volume effect for photon energies near the emission threshold. The volume effect increases with photon energies and prevails in the UV domain. In addition, from the figure 1 it seems that the energy threshold for the surface effect could be slightly lower (a few 10 -2 eV) than the volume effect threshold, in agreement with the rules governing the wave-vector variations in the two types of electron photon interactions [7] .
In order to check the validity of these results, we have used the preceding method and the value of Ko obtained by (4) from our front illumination experiments to calculate the respective enhancements of the volume and surface photoemission yields which can be observed by excitation of SPW on the metal interface, the film being illuminated through the prism (ATR method) [8] . The spatial repartition of the energy absorbed in the Al film varies dramatically when SPW are excited by p-polarized light. Far from the SPW resonance, the absorbed energy decreases continuously from the prism to the emitting surface. On the contrary, at the resonance angle the absorbed energy density attains its maximum along the emitting surface, and the EZ(o) field component into the metal is highly increased, both phenomena inducing an important enhancement of the photoemission current.
(0 The surface effect prevails for photon energies near the energy threshold and is responsible for about 80 % of the total photoyield. The absolute value of the surface effect increases continuously with the photon energy in the range 1.5 nro 4 eV, but less rapidly than the volume effect. At ~, = 500 nm both effects are equivalent, with a maximum quantum photoyield ~max ~ 2 x 10-3 el/photon. At shorter wavelengths, the surface effect increases again and remains slightly above the volume effect.
A comparison between the curves show that neither the volume effect, nor the surface effect is able to explain by itself the exact amplitude and position of the photoemission peak and the shape of the experimental curve ~p (~p). [ 1, 3] and in which volume and surface photoeffects are considered as distinct phenomena.
In conclusion, for photons frequencies very low compared to the plasma frequency of the photoemitter, it is not necessary to have recourse to the recent non-local theories [10, 11] ] which attempt to describe photoemission as a unique physical phenomenon. A description of the experimental methods and a more detailed discussion about the results presented here will be published in a near future.
